Background After receiving the 25 April 2015 Nepal earthquake relief mission, a fully self-sufficient Rescue Center of Trauma set up quickly in downtown Kathmandu by Chengdu Military Medical Team of PLA P. R. China. Methods The medical team consisted of 68 members and 40 tons of supplies, which was equivalent to a small hospital. The medical area and living area were constructed with tents. Operating areas were converted from eight simple bungalows. The main purpose of the Rescue Center of Trauma was to save those earthquake survivors who needed surgery. Results From 30 April to 10 May, 35 cases of orthopaedic internal fixation and external fixation operations were completed in the Rescue Center of Trauma. Surgery involved a total of 27 patients. All of the 27 orthopaedic surgery patients received treatment without any serious complications, including internal fixation failure, infection, amputation, limb deformities, limb dysfunction, or skin necrosis. Conclusions Trauma infection rates are usually higher after an earthquake. Due to poor conditions, implementation of orthopaedic surgery at a field hospital is limited due to a lack of blood, equipment, and drugs. Infection control remains a key determinant of the success of surgery. Effective measures to control infection include strict environmental disinfection, extending the sterilizing time of fixation devices and supplies, doubling the number and time of washing and disinfection, and rational use of antibiotics based on past experience.
Introduction
The 2015 Nepal earthquake (also known as the Gorkha earthquake) occurred at 11:56 Nepal Standard Time on 25 April, with a magnitude of 7.8M w or 8.1 M s and a maximum Mercalli Intensity of IX [1, 2] . The earthquake and its aftershocks killed more than 8800 in Nepal and injured nearly three times as many [3] . After receiving the disaster relief mission, a fully self-sufficient medical team quickly set up, called the Chengdu Military Medical Team of PLA. The medical team had a total of 68 members, including medical personnel, disinfection and epidemic prevention personnel, liaison personnel, and logistics personnel, carrying more than 40 tons of medical and living supplies. On the morning of 27 April, two transport aircraft carrying the entire medical team arrived in Kathmandu. On an open space in Singadurbar, downtown Kathmandu, the medical team built a temporary hospital two days after arrival, named Rescue Center of Trauma PLA P. R. China. The center had one operating room (two operation beds), 30 beds and 16 care beds. The main purpose of the centre was to save those earthquake survivors who needed surgery. From the first surgery on 30 April to the team's departure from Nepal on 15 May, a total of 267 patients received treatment, in which 132 patients received debridement, 71 patients were hospitalized, and 27 patients (35 fractures) underwent orthopaedic surgery. None of the operations had significant complications such as internal fixation failure, infection, Electronic supplementary material The online version of this article (doi:10.1007/s00264-016-3284-2) contains supplementary material, which is available to authorized users. amputation, limb deformities, limb dysfunction, skin necrosis or death. According to the official news, our medical team was the only foreign rescue team that could carry out orthopaedic surgery independently after the earthquake in Nepal.
Materials and methods

Location
Nepal Ministry of Defence provided three places for the final selection. The medical team selected a wasteland in Singadurbar area, nearby the Lion's Palace. The place was located in the Kathmandu city centre, which had convenient transportation, electricity, and water supply. It was large and open, reducing the potential destruction of aftershocks (Fig. 1) . The medical area and living area were constructed with tents (Fig. 2) . Operating areas were converted from eight simple bungalows (Figs. 3, 4 and 5).
Personnel structure and medical equipment
The team consisted of 68 members (Fig. 6) , and 40 tons of supplies. It was completely self-sufficient, equivalent to a small hospital. The medical team could accept trauma, fracture, traumatic brain injury, ENT, and obstetrics patients.
Emergency and observing areas were equipped with multifunction ECG, oxygen machines, defibrillators, ECG, and suction devices. The operation room was equipped with two anesthesia machines, two monitors, two oxygen machines, two operation beds, and other related equipment. It was capable of completing general anesthesia surgery. The medical technology group consisted of ultrasound, radiology, and laboratory doctors, equipped with a portable X-ray machine, three portable ultrasound machines, two automatic biochemical analyzers, and two blood analyzers.
Disinfection and epidemic prevention
First, the team weeded the entire area, drove out the mice, and killed mosquitoes. For disinfection, we used 250 mg/L available chlorine content of Sodium dichloroisocyanurate aerosol spray in the environment and the operation room (daily amount of 30 ml/m 3 ).
Pre-operative preparation
Patient examination
All patients received a full set of haematology tests, including routine blood tests, liver function, kidney function, blood coagulation, and infectious diseases. Other tests also include electrocardiogram, abdominal ultrasonography, and X-ray examination. 3 Eight simple bungalows were converted into operation rooms, including the operation room, the preparation room, the disinfection room, the X-ray examination room, and the post-operative recovery room 
Pre-operative prophylactic antibiotics
Closed fracture patients received intravenous infusion of 1 g of cefazol half an hour before surgery. Patients in poor condition or with infected wounds received intravenous infusion of 1-2 g of ceftriaxone two hours before surgery.
Results
The best period for orthopedic surgery was within one week after the earthquake [4, 5] . In the Rescue Center of Trauma, as soon as the patients completed preoperative examination, the surgeons could immediately begin surgery.
From 30 April to 10 May, 35 cases of orthopedic internal fixation and external fixation surgeries were completed in the centre. Surgeries involved a total of 27 patients, including 13 men and 14 women. There were 20 patients with only one fracture; two women and one man accepted operation with two parts of the fracture at the same time; three women received two surgeries at different times; and one woman received three fracture surgeries (Table 1) . When the centre was closed, all of the 27 orthopaedic surgery patients had no major complications of infection, amputation or death.
Patients were an average age of 48 years old, ranging from 12 to 86 years of age ( Table 2 ). The older patients had relatively severe injuries. From the distribution of the fracture site, lower limb fractures were significantly more common than the upper limb fractures. The largest number of fractures was the fracture of tibia and fibula (Table 3) . We finished 31 cases of open reduction and internal fixation incision (ORIF, 88.6 %), including four consolidation iliac bone grafting, one merger coracoclavicular ligament reconstruction, and one merger tendon repair surgery (Table 4) . We completed four cases (11.4 %) of open reduction and external fixation (OREF), including a 25-year-old female who underwent surgery twice at the same site (Fig. 7) . Because of the limitations of the implantable devices and materials, the fixed materials we used might not have been the most appropriate. With no artificial material, we could only take the patient's iliac bone graft, so some of the patients' operation times were prolonged. To prevent infection, we increased the times of wound washes during surgery, which also increased the operation time.
The oldest patients in the center were two 86-yearold males. One man admitted on 1 May, had been (Fig. 8) . Before 4 May, the other 86-yearold man came to the center, a simple traumatic wound treatment had been done in another medical institution. The final diagnosis was left trimalleolar fracture. On 5 May, the patient underwent open reduction and internal fixation surgery. The surgery lasted 285 minutes, blood loss 200 ml (Fig. 9) .
As of 15 May the center closed, seven patients were discharged, and 20 patients were transferred to the government hospital of Nepal. They would later be transferred to a local hospital for rehabilitation. We worked with local doctors to complete the handover, including patient records, follow-up We spent a total of 18 days in Nepal. Responding to the requirements of the Nepalese government, our medical team built up a trauma centre. The main task was to provide surgical treatment for those fracture patients, and the secondary task was to go out to make medical rounds. In this report, we introduced some experiences of surgery in harsh conditions. Because there was no intra-operative X-ray equipment, no blood supply, we did not treat patients with spinal fractures. As the surgical sterile environment could not achieve higher standards, we did not carry out joint replacement surgery either. When admitted to the trauma centre, almost 27 patients had multiple injuries, some of them without treatment for more than 72 hours, and some of them had been treated in other hospitals but had concurrent infection. Most of the fractures involved articular surface fracture, so surgery was more difficult and had greater risks. Under normal circumstances, the surgical techniques and instruments of these fractures are very mature [10] . However, in the case of emergency field conditions, surgeons had to take into consideration how to control bleeding, how to prevent infection, and how to maximize the retention and restoration of the patient's function [11, 12] .
Renovated operation room and disinfection indoor and outdoor
According to the criteria of the trauma operation area, eight simple bungalows were converted into the operation area, which allowed two operations to be carried out at the same time, including the operation room, the preparation room, the disinfection room, the X-ray examination room and the postoperative recovery room. For harsh environments outside the rooms, with grass and a drainage ditch nearby, we got rid of the grass, eliminated the mosquitoes, and repeatedly sterilized the air indoors and outdoors.
The operation room was fumigated twice every day, morning before the surgery, and night after the work. After each surgery, we air sprayed disinfectant and then went on to do the next operation. Sterilization of internal/external fixation and the treatment of skin, and wounds
The sterilizing time of fixation devices and supplies should be extended. Usually sterilization only takes 30 minutes to change the colour of the bar. We extended it to 45 minutes (105∼140 KPa, 121∼126°C). Since the earthquake injured factors and local customs, many of the wounded had poor skin cleanliness. We paid great attention to pre-operative skin cleaning and doubled the amount of washing and disinfection during the operation. After surgery, we closely observed changes in the wounds, and increased the frequency of dressing change.
Reduce blood loss
Due to the shortage of blood sources, the surgery patients were faced with the risk of bleeding, death, and so on. We repeatedly discussed the surgical plan before the operation, and performed minimally invasive operations, used tourniquets, reduced intra-operative blood pressure [13] , and expedited operating speed to reduce blood loss.
Rational use of antibiotics based on past experience
Unable to carry out bacterial culture and drug sensitivity tests, we could only refer to the past experience of earthquake survivors to guide drug treatment. In the 2008 Wenchuan earthquake, the majority of the survivors orthopaedic open wound infections were with Gram-negative bacteria. The top five pathogenic bacteria were Escherichia coli, Bowman acinetobacter, Staphylococcus aureus, Pseudomonas aeruginosa, and Enterobacter cloacae [14] [15] [16] [17] . Most of the 2010 Yushu earthquake survivors were infected with Grampositive cocci, followed by Gram-negative bacteria, Grampositive bacteria, and fungi. A total of 12 species were found in Yushu earthquake survivors, including Staphylococcus, Enterococcus, Streptococcus, Escherichia, and Enterobacter spp [18] . Because of the possibility of superinfection [15] , 26 patients after surgery received two antibiotics, including ceftriaxone and fosfomycin. Due to renal insufficiency, one patient used ceftriaxone only. Judging from the results of treatment, wound infection did not appear in any patients, proving the effect of antibiotics use. Under harsh conditions, in which bacterial culture and sensitivity tests may not be available or reliable, we believe that the use of broad-spectrum antibiotics, an increase in the amount of antibiotics, and combination therapy can do more good than harm. 
Post-operative nutrition and food hygiene
The patients' meals during hospitalization were provided by the government of Nepal. Because most patients were slim, the trauma centre gave each patient one additional egg everyday, in order to ensure protein supply and promote wound healing. We respect the local residents' living habits, but the trauma centre required all hospitalized patients in the hospital not to use hands to grab food. In order to prevent the occurrence of infectious diseases of the gastrointestinal tract, and reducing all possibilities that may affect post-operative recovery, they must use a spoon or fork instead of hands.
The number of internal fixations and external fixations with past research, we found that the number of internal fixations in comparison with the external fixations was too high in this study. We propose three explanations for this. First, our patients mainly came from the Nepalese army general hospital and other foreign medical teams. All of them were fracture patients and needed surgery. Most of the fractures were closed fractures.
Second, under the conditions of the earthquake, a considerable number of fractures were open fractures. Patients with open fractures are always associated with soft tissue injury and infection. These patients need to use external fixation support, and the sooner the better. Our trauma centre began receiving patients on the fourth day after the earthquake, and began to do surgery on the fifth day. Most of the surgeries were elective, and the number of emergency surgeries was low. According to a Nepalese liaison officer, most of the emergency surgery patients in need of external fixations had received treatment at the local hospital before our trauma centre opened. Due to the limited number of patients and bias, our study does not represent the epidemiological characteristics of earthquake injury.
Third, external fixation patients facing the possibility of secondary surgery were replaced with internal fixation. In the same circumstances, patients with external fixation recover more slowly than those patients with internal fixation, and require more post-operative care. In consideration of the local situation, we chose the internal fixation surgery for all of the patients with no wound infection.
Effect of surgery and follow-up
A short-time follow up cannot evaluate all the effects of internal fixation or whether other complications will occur. The progression from fracture reduction to functional recovery is a long process. If all goes well, this process will take six months to two years. In this process, each step will affect the final recovery. However, the most important step is the initial operation.
Unfortunately, our medical team was only able to stay for a limited time. We could not accompany all of the patients until they were fully recovered, or even stay until they were all discharged. Before we left Nepal, seven patients were discharged (length of stay: Range 8-13 days, Mean 9 days), and 20 patients were transferred to the government hospital. After surgery, all of the operative incisions healed well, and there was no skin necrosis. X-rays showed all of the reductions were satisfactory. So we think that the 35 cases of orthopedic surgery were a success.
Before leaving, we discussed every patient's treatment plan in detail with Nepalese army health officials, including removal of sutures, follow-up, functional exercise, and the second stage surgery.
By the time of this study, we learned from one Nepal army health official that none of the patients had serious complications, including internal fixation failure, infection, amputation, limb deformities, limb dysfunction, or skin necrosis. Some patients recovered fully, and have had their internal fixations removed. Because we did not get the information of all of the patients about their post-treatment, we cannot conduct a detailed description and analysis of their current situation. In the next two years, we will keep in touch with Nepal's peers, and continue to follow-up with the 27 patients.
